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NACAANDOFFICEOFNAVALRESEARCHMETALLURGICALINVESTIGATION

OFTWOLKRGEFORGEDDISCSOFS+90 ALLOY

By J.W. l?reemsmandHowardC. Cross

SUMMARY

.

ThepropertiesoflargeforgeddiscsofS+90 alloyatroomtempe~
ature,1200°,1350°,and1500°F werestudiedinorderto determinethe
levelofProwrtiesobtainableinforgingsofthet~ requiredforthe
rotordiscsof gasturbines.Onediscwasagedafterforging.Theother
wassolutio~treatedandaged.A lhitedamountoftestingwascarried
outonthesolution-treateddiscpriortoaging.Thedatareportedinclude
theresultsoftemlle,impact,rupture,tlme+ieformation,creep,and
structural-stabilitytests.

Thehighphysicalpro~rtiesoftheforgedandageddiscattempe~
aturesupto 13~“ F wereitsoutstandingcharacteristic.Thesolution-
treatedandageddischadby farthebestpropmtiesat1500°F and,
exceptat shortt@ mriods,wasconsiderablybetterat1350°F. Some-
whathigherrupture,total-cleformation,andcreepstrengbhsfortime
periodsupto at least2000hourswereobtainedat1200°F fromthe
forgedandageddisc.No greatdifference, onthebasisoflimitedtests
at 1200°and1350°F, resultedfromtestingthesoltilo~treateddisc
beforeaging.”

Thepropertiesof specimenscutfromdifferentlocationsinthediscs
veriedsomewhat.However,theuniformitywasgoodforthetypeofforging
madefromsucha highlyalloyedmaterial.

Boththeforgedandagedandsolutio~treatedandagedmaterials
werestructurallyunstableduringcreepandrupturetesting. Thelatter
treatment,however,resultedinthebestretentionofpropmtiesover
longperiodsoftimeathightemperatures.

Thepro~rtiesofthesolutio~treatedandageddiscweresimilar
to thosereportedforbarstockwiththesameheattreatments.‘I’his
indicatesthatthepropwtiesshouldbe reasonablyreproducibleindiscs
uptothesizeconsideredinthisinvestigation.Reproductionofthe
propetiiesoftheas-forgedandageddiscwouldprobablyrequirea
considerabledegreeofcontrolofforgingpractice.

. .. . . .—---- - _—- --..—— . .. -—+ ——— .—. ... .... . .-. .— —.. .—..—— —..-.— . . . ... —.-
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Thework
investigation
forgeddiBCS .

onwhicht~s reportisbasedis@ ofa cooperative
of severalheat-resistantELUoysintheformoflarge
ThepropertiesoftheS+gO discs~ coqmredinthis

rep&t withthoseO-btainedforsimilardiscsofs-816alLoy.

INTRODUCTION

Thisreportpresentstheresultsofa studyoftherocm+tempa?ature,
1200°,1350°,endl~” F pro~rtiesoftwolargediscsofS+90 alloy.
Oneofthediscswastestedintheas-forgedandagedcondition.Theother
discwastestedto a limitedextentafteronlya solutiantreatment;and
morecompletelytestedas solutiobtreatedandaged.

Theprimwypurposeofthisstudywastodeteminethelevelofproper-
tiestibited byS-590alloyin theformoflargeforglngsofthetie
requiredforrotordiscsofgasturbinesandto determinetherelative
Promrtiesof suchdiscsas-for~dandagedanda~olution+treatedand
agOa.TheS-590alloydiscs,forwhichprowrtiesaregiveninthisreport,
weretwoofa seriesofsimilardiscsof severalalloysnowbeingstudies.
TheresultsobtaineilWeviouslyfromsimilarinvestigationson19@DL,CSA,
low+arbonN-155,Tinibn,andEMEdiscsarecontaindinreferences1 to 9.

Theworkonthediqcmaterialsisbe- carriedotiaspartoftwo
correlateilprogramsofreseerchonalloysforgas-turbineapplicationsin
progressinthiscountry.TheNationalAtlvisoryCcmrmitteeforAeronautics
is sponsoringworkdirectedtowwa thedevelopmentofimproveshigh-
temperskurealloysfor~s turbinesu.seainaircraftpowerplants.A
concurrentprogram,formerlyspnsoreaby theNationalDefenseResearch
Committee,OfficeofScientificResearchandDmelopmnt,anclnowspomorea~
by theOfficeofNavelResearch,I?avyDepartment,isbeingdirecteatothe
developmentof.aUOysforgas+urbineapplicationsingetiral=a, in
pwticular, tobothship=Ciaircraftpropulsion.me workhrein wus
perfomndwiththeftnancialassistanceoftheNationalAdvisoryCommittee
forAeronauticsandtheOfficeofNavelResearch,NavyDepu’tment.

Thisreportisbaseclonthejointeffortof“thecooperatingresearch
programsazdisleingdistributesby boththeNACAandtheNavy. The
investigationofthesediscsfortheNACAwasconductetiatthe
llngineer~gResearchInstituteoftheUniversityofMichigansd forthe
NavybyBattelleMemorial~etitute.

TEsTMmERIm9

Thecoderider assigmatothediscswasI’iR-74B.Theas-forgeama
ageadiscwasdesignatedNR-74M;thesolutitim.ateadisc,NR-74B4J;and
theagOaportionofthesolutiozktreateadisc,NI-74B-QA.

— __ —-.—— -–-—— -—- . —.———
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,

Theavailableinformationdescribingthetwodiscsmaybe sumsrized
as’follows: ‘

Manufacturer:

Allegheny4udlumSteelCorporation

Heatnumber:

41582

chemicalCompositicm:

C Mn Si P .S Cr Ni Co Mo W “Cb. Fe.—— —. -— —— ——— —

0.451.440.560.0150.01819.76 19.05 20.20 4.03 4.o8 3.35Remainder

Fabricationprocedure:

A 12-inchingotwaspnred froma &ton electric+arcfurnace.The
12-inchingotwasMiner coggedfhom22~0 1?to a >inch-squarebillet
whichwasair-cooledandground.Twoportionsofthislilletwerethen
upsetforgedfram2250°F to rough&inch+thickdiscs.Allhot+rldng
waswitha flatdieona 12,000-poundhemmr. Thefinishingandheat
treatmentsfortheindividualdiscswereasfollows:

Disc
aesignation Finishforti procedure Heattreatment

lJ-74B-F Thediscwas reforgedfrom2250°F @d for16hours
to 3; inchesthickandcooled. at 1~0° F and

ai=ooled.
Thenitwasreforgedfrom2000°F
inoneheatto 3~ inchesthick

(lo-percentreduction)by 18inches
in di-ter.

m–74B-Q “ Thedisc was reforgedfrom2250°F
to 3 iI1.ChOSthickby 18 iIIChOS
in diameter.

NR-7413-QA SameforgingasNR-74B-Q.CouPns
ofdiscNR-74&Q
priorto testing
NR-74&QA.

whichwere-d
u8redesignated

Solution+reated

for3~hours4
at2300°F and
water-quenched.

couponsfromNR-74B-Q
wereagedfor16
hoursatlkOOOF
andair-cooled.

., -— —. —.—.. --—--.—. .. —-. —
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sampling:

On&halfofeachofthetwodiscs,NR-74B-FandNR-7~, was
suppliedforthepresentstudy,one~uarterofeachdiscgoingtothe
UniversityofMichiganand13attelleMemorialInstitute,respectively.
Figures1 and2 showthelocationofthesamplescutfrcmthehalvesof
bothdiscsandthecodesystemidentif@@thecoupons.Thenumrals
referto locationsontheflatfacesoftheHscs, andthelettersrefer
to thelocationsthroughthethiclmessofthediscs. \

EmmmmmmPROCEDURE

Theinvestigationwasdesignedto providethefollowinginformation:
(1)ThephysicalPropetiieeatroomtempmature,1200°,13~0, and
1500°F whichcanbe e~cted inlargeforgingsoftheS+90 alloyanalysi;;
(2)theeffectoffabricationandheattrea-nt onthesephysicalProwrties;
(3)thev=iati~ inPowrties whichmightbe presentinvariouslocations
in suchlargeforgings;and(4)thechangeinroonAempmaturepromrties
resuitingfromexposureto elevatedte~raturesunderstressforprolonged
timeWriods.

Thephysical-propertydata’obtainedfortheselargeforgpddiscs
ofS+90 alloyincludedshort-thetensilepro~tiies,impactstrengths,
rupturetestcharacteristics,designcurvesof stressagainsttimefor
totaldefamationsof0.1,0.2,0.5,and1.0percentat1200°,1350°,
and1~0° F, andcreepcharacteristics.Thecurvesof stressagainsttime
fortotaldefamationwereobtainedfromcmves ofelongationagainsttime
frombothstress-ruptureandcreeptests.

Theun.lformityofthedisc‘materialswascheckedby meansofa hardness
surveyandto a limitedextentby tensileandrupturetestsoncouponsfrom
representativelocationsthroughoutthediscs.Ilhrdness,tensile,and
impacttestssmdmetsllographicexaminationson spcimensaftercompletion
ofthetestswereusedto estimatethestabilityofthematerialduring
prolongede~sme totemperatureandstress.

Thetesting prmeduresusedfortheshort-tiretension,stress-rupture,
andcreeptestswereinaccordancewiththeprovisionsoftheA.S.T.M.
RecommendedPracticesE21-43andE22-41.

RESULTS

Thedataobtainedfrm the~90 discssrepresentedasa seriesof
tablesandfigureswhichshowthehardness,impact,tensile,rupture,
time+ieformation,creep,andstabilitycharacteristics.we principal
resultsonthediscswiththreetyps oftreatmentaresumarizedin
figures3 and4.
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HardnessSurvey

Resultsofhardnesstestsontheoriginalmaterialsaregivenin
tableI andfigure5. Thesurveysindicatedthatthehardnessincrease
wasonlyslightfromthecenterto therimofthediscs.Thematerialat
theflatsurfacesofthediscswasconsiderablyharderthanthematerial
intheinteriorofthediscs.

Theas-forgedandageddisc,MR-74E-F,hada hardnessrangeof235
to 311as com~d witha rangeof190to 235Brinellhardnessforthe
solutio*treateddisc,NR-74~. Althoughnohardnesssurveywasmadeon
thesolutio~treatedandageddiscmaterial,NR-74B-QA,hardnesstests
indicatedthatagingthesolutio-restedmaterialincreasedthehardness
by approximately30BrineI-lpoints.

Short~~ TensilePropn%ies

Theresultsoftheshort-timetensiletestsatrow temperature,
4200°,1370°,andl~” F areSummarizedintableI.

Thetensilestrengthsoftheas-forgedsndageddisc,NR-74B-F,were
ingeneralsomewhathigher,whileitsyield.strengthsweremarkedlyhigher
atbothroomtemperatureand1200°F thanthoseoftheba%reated disc.
At 1350°F theforgedandageddischaddmilartensilestrengbhbut
higheryieldstrengththanthesolutio%treatedandageddisc. Onthe
basisof onlyonetesttheas-solutio~treatedmaterialhadhighertensile
strengthbuts~lar yieldstrengthtothematerialagedaftersolution
treatmmt.At 1500°F thesolutioktreatedandagedmaterial,NR-741!+A,
wasslightlystrongerthantheas-forgedandagedmaterial.A brief
r<sw’ ofccm@rat.ivetensilepro~rtiestakenfromtableI isgivenin
thefollowingtabulation:

. ..— ..— ---- .. . . . . . .—.. —-. _. _ _ _____ . . .. . ._,+ —.- ... ____ .._. _—._
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Disc

NR-74>F
NR-74E+
NR-74B-QA

NF-741?-F
NR-74B-Q
NR-74B-QA

NR-74B+
NR-74H
NR-74B-QA

NR-74B-F
NR-741?-QA

Tempm%ure
(OF)

Tensile
s@en@h
(psi)

75
75
75

1200
1200
I-2oo

1350
1350
1350

1500
1500

129,050
llg, 500
130,500

m,700
82,000
81,600

64,625
p,250
65,75o
k3,125
44,400

NACA

O.2-percent+ffset
yieldstrength

(Psi)

98,250
57,000
70,500

7J-,750
44,000
4g,ooo

35,900
37,850

m NO.1760

Elongation
(percent)

8
36
17

15
12
27

29
n
25

25
18

.

At roomte~raturethesolution=lneateddisc,IQR-74B-Q,hadthe
highestductilityandtheas-forgedandagedUSC, NR-7411-F,thelowest
ductility.Thereverseductilitycompison wastrueathightem~rature.
Agingthesoltiio~treateddiscfor16hoursat1~0° F causeda substantial
decreaseinro~te~rature tensileductilitybtiresultedin justas
markedan improve~ntinductilityattem~raturesof1200°F andabove.

Thepro~rtiesof s~c-ns frczmvariouslocationsinthediscs
werequiteuniform.Specimenstakentangentiallyfromtheas-forgedand
ageddischadhigherstrengths-thantheradialspecimens.No suchstrength
differencewasobsenedbetweenradialandtangentials~chhms ofthe
soltiio~treateddisc.Becauseoflackofmaterislno consistentcomparison
waspossibleformterialtakenradiallyneartheswfaceandcenter
material.Howeverjwhatdatatherewereindicatedgooduniformity.

CharpyImpact Resistance

Charpyimpact resistance(V+mtch)wasdetemninedonspecimens
fromtwodiscs,NR-74B-FandNR-74~. ~ta areshownintableIIand
figures~ and4 fortestsatroomtemperature,12000,1350°,and15(X)0F
afterholdingattem~raturefora time~riod sufficientlylongto insure
a uniformtemperatureinthespecimen.

TheChar~ impactresistanceofthesolution+reatedandageddisc
wasslightlyhigheratalltesttem~raturesthanthatoftheforgedand
ageddisc.Forbothdiscs,therewasa slightincreaseinimpact
resistancewithtempemture.Specimm fromneartheflatsurfacesof
bothdiscshad.higherimpactresistancethaninteriorspecimematall
temperatures.

—. ——— . -———— —— ,—— —----- .—. - —,,
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Thestress-ruphredataforthetestsat1200°,J350°,andlxOOF
areshownintableIII,andtheruptmestrengthsobtainedfrcmthe
curvesof stressagainstrupturetimeinfigure6 are summarIzedin
tableIV. Ruptureductilitiesatvarioust@e ~riodsarealsogiven
intableIV. KU s~cimenstestedexceptonewereradialspecimens,
locatedas indicatedh tableIII.

TherewasverylittledifferenceInruplnn?estrengthsbetweenthe
threeconditionsoftreatmentforthediscsat1200°l?.Thesolution-
treatedandageddisc,lJR-74B+A,didshowa slightsumriority attirm
~riodsof1000hoursandlonger,its100-andlo~our rupturestrengths
being52,000and42,000psi,respectively.

At 1350°F thesolutio%treateddiscsweredefinitelysuperiorto
theforgedandageddiscat100hourdandlonger.c~tive rupture
strengbhswere32,000psiforNE-74B+Aand’27,XO IISiforNR-74>Fat
100hoursand25,000psiforNR-74B-QAcomparedwith18,OOOpsi
forNR-74B-Fat1~0 hours.Agingthesolutio~trea~eddiscfor16hours “
at1400°F didnotaffectrupturestrengthsat1350°F.

Thesolution+meatedaudageddiscwasmuchstrqer thantheforged
andageddiscatl~” F. ThecomparativelCXXhourrupturestrengthsforthe
twod.lscswere20,000end13,100psiandl-our strengthswere15,000
and.6,000pSi.

~pection ofthecurvesof stressagainstrupturetimeinfigure6
indicateslittlechangeintheslopeofthecurveswithincreasedtempe~
atureoftestingforthesolutiotireateddisc.TheIncreasedS1OIMofthe
curvesfortheforgedandageddiscwithtireasimgtempemtureaccounts
foritslowerstren@h.Thisdifferenceclearlyindicatesthebeneficial
effectofa solutiontreatmentonpropertiesatlxmnperaturesabove1200°F.

Therupturetestson s@cimensfromvariouslocationsinthediscs
indicatedthatthediscmaterialwasfairlyuniformandthat,ifanything,
thematerialtakenra~allyneartheriminthecenterplanetendedtobe
weakerthan~terialfromotherlocations.Thus,sincemostofthe
materialtestedcamefromthislocation,theresultsobtainedwereprobably
conservativeforthepropertiesofthediscasa whole.

Rupturetestductilitiesshownwerebetterforthesolutiotireated
andageddiscthaufortheforgedandageddisc~ allcases.Agingthe
solution=treate$materialproduceda markedhnmovementinruptureductility
at 1200°F buthadlittleeffectonductilityat 1350°F. Actuelly,the
ductilityofallthematerialwasgood,beingatleast5 percentfor
fracturein1000hours.
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T~formation Chaz%cteristics

A convenientmethodofdescribingthehigh=bemperaturestrengthof
a materialiecurvesofstressagainstthet~ requiredforvarious
totaldeformations.Informationdatafrombothstres+ruptureandcreep
testsareusedto pre~ suchdesi~curves.Thisinformation,alongwith
thecurvesof stressaga~ rupturethe, givesa fairlycompletepicture
ofthee~cted Prformance ofan alloyunderconditionsofconstant
tensilestress.Thetti+ieformationdataobtainedontheS-590discsin
threeconditionsem plottedon semilogarithmiccoordinatesinfigures7
to 14fortotaldefomntionsof0.1,0.2,0.7,and1.0~rcentat1200°,
1350°,and1500°F fort- pmiodsupto 2000hours.Additionalcurves
whichindicatethetbe oftransitionfroma minimumcreeprateto the
increasingrateofthird+tagecreephavebeenadtidsoasto showwhere
rapidelongationprecedingfailurestarts.

Thecurvesof stressagainsttimefortotaldefomnationyereplotted
fromthedataintablesV, VX,andVII. Thesedataweretakenfromthe
curvesofelongationagainsttimefortheruptureandcreeptests.some-
whaterraticdataresultedfromthetests.Sufficientchecktestswere
made,however,to demonstratethattheseerraticresults ~re due to a
variationbetweens~c~ns fromdifferentlocationsinthediscs.The
actualcurvesofelongationagain6ttimehavenotleen,includedinthis
report.

Thestressesto causevarioustotalcleformationin1, 10,100,1000,
and2000hours,as &finedby thecurvesinfigures7 to14,aregivenin
tablesVIII,IX,andX. Themostpronounceddifferencebetweendiscswas
foundat1500°F wherethesoltiion-treatedemdageddischaddeformation
strengthsfromtwotothreetimeshigherthanthoseoftheforgedand
ageddisc.Thedifferencebetweenthediscswasmzchlessat1200°
and1350°F. Theforgedandageddiscgavestrengthssomewhathigherthan
thesolutio&treateddiscandbothwerehigherthanthesolutior&treated
andagedmaterialat 1200°F, particularlyat O.>percenttotaldefo~
mation.At 1350°“Fthesolution-treatedandagedm~erialhadhigher
strengths,thedegreeof superiorityincreasingwiththeamountoftotal.
deformationconsidered.

CreepStrengths

Manyengineersareaccustomedtobasedesignsm creeprates,
especiallyforlongperiodsof service.Forthisreason,thecreeprate
datahavebeencollectedfr~ thecurvesofelongationagainsttimeand
areshownintableICCforcreeptestsandtablefi
Thelogarithmiccurvesof stressagainstcreeprate
at 1200°,1350,and1500°F ontheS-590discsare

forfipturetests.
forthetests
showninfigure15.

.! — — ——— — — .—. . ––—— - .

,. .“
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Thecreepratesplottedwereeitherminhmmratesorfinalratesfrom
10CK%ourtestsat120001?and2000+ourtestsat1350°and1500°F. The
creepstrengthsobtainedframfigure15wereasfollows:

Temperature Stress(psi)fbrcreepratesof–
Disc (OF) 0.0001percent@r “ 0.00001percent/hr

NR-74B+F 1.200. 27,500 .-----
w74E-Qll Eoo 23,000 ------

NR-74&F 1350 10,600 ------
NR-74E-QA 1350 16,400 1.2,100

NR-74B+F 1500 %2,800 ------
rtR”74E-QA 1500 10,000 7,100

%stimatedstrength.

It isobservedthatattemperaturesabove1200°F thesolution-
treatedandageddisc,ilR-7J+~, ismch superiortotheforgedandaged
diso,NI-74H?.

Thesecreepstrengthscenbe comparedwiththedeformation
strengthsintablesVl_TI,IX,andX. Thecreepstrengthsfora rateof
0.0001percentperhourat1200°1?areapently safeforusefortime
periodsupto 10,000hourssinceextrapolationofthecurvesoftransitia
tothird-stagecreeph figures7 end9 to10,000hoursindicatesthatat
thecreepstrengthslistedsecond~tagecreepwllLstilJ_prevail.

At 1350°and,1500°F extrapolationofthetransiticmcurvesof
figures12and14to10,000hoursgivesstressesaboutthesameasthose
producinga creeprateof 0.0001percentperhourforthesolutim–treated
andageddisc,NR-7@!-QA.Thisisnottruefortheforgedandageddisc,
NI-74B+E’,transitionto third-stagecreepoccunringh approximately
2000hoursunderstressescausinga creeprateof0.0001percentperhour.
(Seefigs.10 and13.) Thismeansthatthereportedcreepstrengthfor
~-741M’atthesehighertemperatureswouldnotbe suitableas a basis
fordesi~forlongerthe periodsthan2000hours,whilethecreep
strengthsofNR-74E-QAcanbe used,withcaution,outto 10,000hours.

At 1200°F thedatawerenotsufficientto deftiethestrengthsfor
a creeprateof O.00~1percentperhour.At highertemperaturestheslopes
ofthecurvesofstressagahstrupturetimeindicatethatcreepstrengths
forthisratewouldnot%e suitableasa basisfordesignforprolonged.time
periodsfortheforgedandageddiscandthatcautionshouldbe observed
whenetiendedseticeperiodsarecontemplated.forsolutioa-treatedand
agedmaterial.

.——. —...— .. . . .. ..—, —-_ .— -- . —---J------——
“.
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someof
sub~ectedto

StabilityCharacteristics

thecompleted-testspcimensfromeach
tensile,-t, smdhardnesstestsat

ofthediscswere
roomtem~rature,

aftercreeptestingat1200°~1350°, end l~” F,tiththeresultsshown
intableXII.

Themostsignificantpropwtychangesobservedasa resultofcreep
testingwerethedecreasesin impactresistanceandtensiletestductility
at roomtempxature.l@act strengthswerelowinitiallyandwerevery
lowaftercreeptesting.Thedecfiaseinductilitywasevenmorepronounced
thanthatofim~t strength.

Therewasno significantchangeinhardnessasa resultofcreep
testingfortheforgedandageddisc,butthesolution-treatedandaged“
discincreasedinhsrdnessduringtesting.Thetensile-teststrength
propmtiesoftheforgedandageddisc,NR-74&F,decreasedprogressively
withincreasingcreeptesttem~rature.Thoseoftheas-solutio~treated
materiel,NR-74&Q,increasedas a resultofa 1200°F creeptest,while
thestrengthsofthesolutiotireatedandageddisc,IVR-74B-QA,werehigher
aftercreeptestsat1200°and1350°F,butwerelowerin strengththanthe
originalmkerialaftera 1500°F creeptest.

Photomicrographsofthestructuresoftheoriginalmaterialsandafter
creepandrupturetestingareshowninfigures16to 22. ‘l?heforgedand
ageddisc,NR-74B-F,hadnonuniformstructureasevidencedby grain+lze
differemesanddistributionoftheexcessconstituents.(Seefig.16.)
Thesedifferenceswerealsoobservedinthestructureof someofthe
completed—testspecimens.

Onlya smallamountofgeneralprecipitationwasobservedintheforged
andageddiscas a resultofcreepandrupturetestingat1200°F. (See
figs.17(a)and18(a).) Conside=bleagglomerationoccurredduringtesting
at 1350°F. Thedifferences.inamountof’precipitatebetweenthecreepand
rupturetests~clmens,shownby comparisonoffigures17(b)snd18(b),were
anotherindicationofnonurdformity ofmaterial.Furtheragglomerateionof
theprecipitatedphaseswasobsemedinthel~” F ruptures~cimen. (See
fig.18(c).)

Theoriginalmicrostructureofthesolution=treateddisc,NR-74E-Q,
andthesolution+treatedandageddisc,NR-741?+A,(fig.19)weredifferent
inthatmoreprecipitateswerepresentintheagedmterial. Heavyg6neral
precipitationoccurredduringruptureandcreeptestingofbothmaterials
andagglo~rationincreasedasthetesttemperaturewasincreased.The .
precipitationdidnotap~sr quitesohea~ inthecreepspecimensas in
ther’Up~.Ures~cimms.

—. ——,+.. . _____ _. —..,.. -
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I!ractureofthelongest-therupture
ageddiscappeartobebothtransgranular

spec3mensoftheforged
andintergranularwhile

U.

and
those

ofthesolution-treateddiscswerelargelyintergranular.
.

Allegheny-LudlumDataonIQR-74BDiscs

TablelZIIgivestheavailableresultsfromtensile,hWiI18SS, and
rupturetestsobtainedby theAllegheny-LudlumSteelCorporationonthe
otherhalvesoftheseS-390discs.Alsolistedarecomparativeresults
obtainedinthistivestigation.~ general,,thecomwativeresults
showgoodagreennt.

CONCLUDINGREMARKS

In general,thesolutiobtreated”andageddischadthebestpromrties
athightem~ratures.At 1200°F theforgedandageddischadbetter
rupt& strengthsoutto
to atleast2000hours.
ageddiscwasdefinltel

~numberoftestsat 1200
treateddiscwerealmost
ageddiscmaterial.

100hoursandhi~er totfi-deformationstrengths
At 13_50°and1500°F thesolutio-treatedand
superiorinpro~rties.Onthebasisofa limited
and1350°F,thepro~tiiesofa plainsolution-
thesameasthoseforthesolutiotireatedand

Theas-forgedandageddischadmuchhigheryieldstrengthat room
temperature,1200°,and1350°F thanthesolutio~treatedandageddisc.
Thischaracteristictightbe importantinapplicationsinvolvinghigh
stressesatlowtempmaturesatthecentersofrotordiscsor ina~plications
involvinghighstressesforshorttime@riodsupto 1350°F.

ThedatareportedbytheAllegheny-LudlumSteelCorporationshow
thatagingtheas-forgeddiscat1400°F reducedpro~rtiesat roomtem~~
atuf?eandprobablyincreasedrupturestrengthat 1350°F. Increasingthe
%!@ tem~ratweto 1500°.Ffmher redmedyieldstrengthat roomtempee
atureandloweredrupturestrengthbelowthatofthematerialagedat
1400°F. Theirdataalsoshowthatagingat1500°F aftera solutiontreatment
resultsin somewhatlowerrupturestrengbhat“1500°F thanagingat 1400°F,
at leastfortimeRriodslongerthanabout100hours.

TableXIVhasbeenprqm’edto showthecomparativepropmtiesof
solution-treatedandagedbarstockofS-590alloyandlargediscs.The
tensileprowrtiesofbarstockweresomewhathigherthana similarly .

treateddisc.Rupturepropertiesat13500and15000F andtotal-
deformationpro~rtiesat1500°F agreequitewellforthesolution-treated
andagedbarstockandthedisc,an indicationofthepossibilityofgood
reproducibilityofhigh-temwraturepropmtiesindifferentformsfor
S-590&lloy.

-..—— . -----.-— ——
,.
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ThepropmtiesoftheUses had,ingeneral,gooduniformityforsuch
largeforgingsofhighlyalloyedmaterial.Widevariationsingrainsize
=a microstructuredidnotapwar to affectpro~rtiesgreatly,exceptto
causeerraticdatafort@ studiesof stressagainsttim fortotal
deformation.Suchvariationsaswerepreserrtwerereducedsomwhatby
thesolutionandagingtreatment.

A majorpro%leminusingdataofthetypeobtainedinthisinvestigation
isto estimatethedegreeofreprmlucibility.Erpmienoewithotherhigh-
sJ2.oysteelsindicatesthatfairlygoodcontroloverforgingpractice
wouldbe req,,edtoreproduceconsistentlythepro~tiiesoftheas-
forgedandageddisc.Theagreementinproprtiesbetween%arstockand
thediscwhensolutio~treatedandagedsuggeststhatthepropertiesof
discsshouldbe fairlyre~oduciblewhenheat=treated.Untilmore“data
onthepro~rtiesofdiscsmadehy thisand,es~cially,otherfabrication
proceduresareavaihble,it shouldbe assumedthatthedatahereinreported
applyonlyto the~iculer discstested~d fabricatedandheat-treated
inthemannerindicated.

Theheattreatmentsusedonthediscscoveredby thisinvestigation
werebasedona largeamountofexpmimentalworkby theAllegheny-Ludlum
SteelCorporation.Deviationfromtheseconditionswouldresultinpronounced
changesinpropertiesathightemp3m.tures. .

TableXV presentsa sumaryofthecomparativeproprtiesofdiscsof
twoalloys,S+90 and-16 (seereference10),studiedat 1200°,1350°,
and1500°F inthecoo~rativeresearchprogram.Thiscomparisonshows,in u

general,thatforsimilarlytreatedmaterialthes-&L6alloydischas
betterpropertiestti the-go alloyUsc.

Universi@ofMichigen
AnnArbor,Mich.

and

BattelleMemorialIimtitute
Coludnls,Ohio

March11,1948

. — -.-.—+ -—. .-— —— .-. —.—..,- -—7— - .
.
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CHARFYmTc&BARIMPACTRE31ST!MWEATROCMTmmmTma,12000,

1350°,andl~” FFOREL590ALUIYDISCSB74B

[m andmm-ytitfq

Disc SpecWn Sp3cim9n Teet Charpy*t
(1) nuder LocatZcm teIu@ratm9 strength

(OF) (m-lb)

NR-74KE’ 50 Merior Roan 5
nterior 5

~ Erterior 5
5A Surfaoe 6
v Surfaoe 7

m-7Ml+? n Interior 1200 8
Thterior 8

E ~erior 8
m Stiace 13
10A Smface 10

m–7w Werico? 1350 8
E Werlor 10
10’E Interior 8

Surface 14
E Surface 13
8F Smface 13

NR-74JKF & Interior lW 12
& Interior 10
m hterior 13
6F Surface 18
7A Surface 17
10A Swface 14

m-74B-QA m lirterior Roan 6
Merior 10

z surface 10

NR-74E-QA ~erior Moo 10
~ llrterior 14

Surface 20
: Surface 16

MR-74B-QA 9D ~erlor 1350 ).2
~erior M

g Interior 16
10A Surfaoe 24
7A Surface 20

I?R-74B-QA 10D Interior . lW 13
P hterlor 13
10B Interior 16
10F Surface 25
& Surfaoe 29
/

lmat‘ma-nt&<wged, 16 ~ at 14CK)0F T
~–74B-F: . .
m–74B-QA: 23M0Fwater-quenched.;16hrat1400°F.

—.— —.. — ——— ...——— .-. —s .—— — —.—— .— —. ..—. —.—..—. _ --—
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. -m

1

Dim BpEdlal Spmllmn Tmt s-m EwdJRO =gq=g= ~
(a)

md.uatlm
Umber lmatllm tamp~

(b) (%) (pi) ;%
(A)

-P *
(S&l) (prmttjiu)

%-7- 17? Cfm I.fm 55,am ------

:%
m

F% 2“’ -:- ::

------
--..--

ln CBE
CBB

in m
.J%J g“’ ; - 7:3 0:%#

12Y 2:;m
q% &~ ---- ---- .@w

.W12
lW m %>W f~~
IzY-o %

15.0 ------
ml 52,X0 17 17.6 ------

%E+pkwQ lx CEE Uw %,CCQ 4
19Y ??m t;

------
50,1B3 -----.

19Y Qa 45,m f:
141 m 42,CXIJ%

Cm ~ 1;
m bQ,cuJ

:%
937 ~.o .W26

l$lr m 52,X$J 13.6 ------
19 *,m &4m
Mm r; 10.9 ------

m p,axl &28
m .4 6.2

15.3 -----
172 50,W0 10 -----

%FI+B+A UY CRa Em 55,CUI 13.8 ------
,WY GEE

?%% s g $;5
--.-.-

Z
CFm
Qm

131 @% 182Em 13 :%
19:1 .LY336

$!Ill m p,am 95 lg 17.8 ------

%J-7ma 1= m 13> 30,W?3 60 32 14.4 -----
17r Qm lti

%.%% 183
8 U.5 .0185

Em U
in

10.
mm 67% ;.:

.o185

e%’
‘f

Em- %6 *3.9
.Wo
:@#MY m 17,axl1291 f; !?.

lm m %7,W3 %5 J ax%

m W,W
M-c

85 6 10.9 ------
W,%@ 1* 17.3 18.9 -----

mww I$m am U5” 33X=J E% 10 ~5.6 -...--
19X cm 30,CU) U 1;.: --._-
lW mm Zf,m % 8 ----.-
14Y m 2S,W 951 11 17:8 .0Qb8
WI m *,aY) ;g.5 f% ~.o -----
lby-c 0n2 m,m 5 7.3 ------

%a-74waA 13Y Gsl 13* 35,@J b5.5 13 17.8 .-----
13T Cm 30,WJ %9 .--_-
m %j’,m &* $:: ------
13Y Qm f13
lx m /gj% %4b

17.8----- --- :%
m Em 32,ml 97 w! 18.3 ------

E~ 9A Em l@J 6.9
%j%

w 12.8 .I.O
m 59

z
8.5

Qm h~~ 12k 1% 17.9
1o.” ----

E m 6,0xI I.”la g.” 9A a

m= m am. lyYJ m,m 76 18.0 ----.-
IJr SEm 30.0 z:;

CEE $: g 32.0
g:! ;;

-----
m m 2-(.0

,
IJD CEE 15,UM3mm 2:; ‘2+ .mb

. .. . . —-..—-&t uea~e%
IE-7bE-F AE-f01@j16b8t14@F. ~
Iaw4’aw$ 23c& : Vrbr-qmmbd.

mtm-qwmkl;16hratlkXPF.
km Oenbr+.mar mllnlepc.lmlmur Z%mar dim.

m ~raua16p30manH 13mofdl=a.
CFz wI&l-plalm ladldspmlBnnrnm .3.3ntePddlso.
ma E-uI’fam-plnmtmgentlal’apdran Marrlm of dim.

“IRCA data. (Smulmna mm O.l@in.InUnv.stirvltba gagelm@h of1in.dam ImUmtudatherulm.)
d~mtm 0.2w._41matmW- tithSG-Wlmti~.
~tw atu *.
flaaotmwl b @@ mark.

6’uImana IbJd ata. (sp30*v0r00-2y3111 .ln**vitiga@ l.mgth0fl.3in.)
%Eltm o.min~k W-.

.

.
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TABLE IV

RuProRE Twr cE4RA(nERJmT (!SAT1200°, 1350°, ANDl~” F OFS+@ ALLOYDISCS ID-74-B

Rupturestrength Rupture ductility

DIBC Temperate
(a) (OF)

Stress (PsI) for rupture h - XstWted elon@ion (pmcent ) to rupture
in –

10 hr 100kc 10m h 2000b 10 tlr lm kc 1000br 2ombr

?NR-74E!+ 1200
%R-74E+

C@,cKxl 52,5w 40,0CC 37,0CQ -- 20 7 7
%i5,0cm ~1,cmo

%m-74wQA
40,000 3 ,000 --

i
6 5

--

C66,00052,000 42,000 3 ,%0 -- 12 12 12

%ml-7MM 1350 C42cm 27,5cm
%m-74E4

18,0m 16,mo -- 10 5 --
C42;CXN32,500

%m-74E+A
25,0CXY 23,mo ‘- “’ 10 IL --

C41,000 32,000 25,000 23,500 15 12 13 --

%W74B-F lyo
%R-74E!-QA

2$),WJ013,1m 6,m 4,@o 7 12 5 ---
------ 2Q,000. 15,0c0 13,1m -- 30 16 --

%eat treatments: =5=’
l?R-7@-FAs-forged; I-6h at 1400° F.
NTF74B-Q23W0F water-quemhed.
NR-74EWJA23m0F water-qwnched; 16 h at 14c0° F.

%ACA data.
OE~t@~ed ~m@h by e~~poktiono

d~ and Na~ data.



mOO
(a)

sp30i3m

Immber

HR-7U+

EFi-’@-Q

13Y
lSY
13X
12Y
la
12Y
1~
17Y
lV
17Y

1P
16-Y
14Y
QY
19Y

nE-74EQA 13Y
132
13X
13Y
NY
2QY

I

TABLEv

DATA IW913EEI ANOTIMEEURTVTAL DEFURWUO!IAT 12@J0T FORS+@ AXLOYDEW IW74B

@m data]

stress
(m)

25,m
25,m3
35,@33
37,033
3T,~
Ilo,ocil
40,@M
45,mlo
y,m
m,~

35,~
40,CCKI
42,@xl
45,cm
‘jo,m

yJ,m
35,~

8$%
45*W
~,m

roitid-
lefomdim
(P9ment )

O.lq
.103
.lyl
.165
.l~
.lea
.220
.205
.230
,@

.1%

.273

.yo

.44C

.Ekxl

.1C9

.ly3

.240

.’2L9

.2p

.430

!Mm (hr) for total defmwtione of -

0.1PmOent O.emment 0,5mroent i w~nt

. . 320
-- 2p
.- 4-- ---
-- 2
-- ---
.- ---
-. ---
-. ---
-- ---

-------
-------

612
6.5

21,0
23
u
3-------

---
---
---

2%
61.O
U2h
236

:;
--

-- --- 187
-- --- 25 %
-.. --- 4 48
-- --- O.q 27
-. --- ------- ---

-- 130 %9 ‘----
5 102 B-- --- 13

-- ---
‘1 z-. --- !2 w

-- --- ------- 3

----
----
----

I@)
1744

~

%

----

3P
200
1*
m

----
----

235
U25
@
17

%at treatmnta :
m-7@ As-fm’EBd;16& at UC&’ F.
m @+ 23m0 F vateJ.wuOWhOd.
PIR=&-w 23000F .tar-qumlohea;16 b at 1400°F,

by extrapoution.

----
----
----

2265
----
83j
----

27’7
96
37

----
----
----
----
----

----
----

g;

393
@

TTenBltim to
thimi+tage oreep

T

mm Deformticm

.@) (m~e~)

---- ---
---- ---
---- ---

1~ 2.8
---- ---

~ :;;

w 2.6
---- ---

---- [ ---

=-K-

I



TARLE VI

DATAON~ARDTIME FOR’IWI!ALIKHENATIONAT 13P F mR ,9++WAHOY DI@X?!FG-74E

Tr8n9itlm to
third-9t,&gecreepTirm (hr) for t.obl defomatlone of –Initial

lef-t Ion
(p5r0e.t)

DIBC
(a)

m-7 M-?

HR-TkR-Q

m-74w4A

lp9clm9n 9tr0ss
number (WI)

L pemeni0.1 wrce~t

13
5-.
..
1
.-
.-
-.
-.
--

_-
-.
--
_-

22
6
.-
--
--
--
--
.-

).>p3rcent
Tim
(hr)

---

850
609

375
m
---
65
6
---

‘p@
170
1P
---

---
---
---

$%
---
x
%J

e

&f ommt ion
(p9rcent)? @men

T
b~ L2,WX)
bm 15,Cm
c12Y 17,0’W
C1* 17jCcm
bm 20,a$l
C1-fr 20,m
%?X 20,m
C17Y 25,m
%x 25,m
ol~ 30,m

0.052

:%
.@+
.m
.lM
.ll~
.130
.1>
.1!$3

1930
522
44
103

c
4

-----
-----
_—_..

----
12&
4843
510
285
20
65
U
13
3

----

1825

G
79
263
----
g

14

---
---
-..
---
---
655
---
ly
160
42

----
0.65
1.2
1.2
1.28
2.0
____
2.1
2.4
----

10
-----
_-—.-
-----
-----

k
Clky 25,0W3
014Y 27,mo
‘319Y 30,m
C19Y 33,~

b2Y Y2,mc
bN 15,m
bm

b3z
ZQ,m
23,mo

ci3Y 25,m
C13X 25,aK3
C13Y 27,@2a
C13Y 30,m

28
9
15
13

685
170
l$KJ
65

!5.2
5
4
----

____
----
----
1.35
3.7
-...

3.7
3.7

2.5
-----
-----
---.-

4
a4
d4

.o~

.(MY
e.w
.142
,1.1o
.14’2
.lm
,135

275

$

1.5
2
2

-----
-.---

-----

<030
103
lt2
16
SL
4
6

---
---
---
---

725,...
142
133

----
----

1765
235
52
46
U
14

----
----
----
----

2.23
la5
30
32

%at trcatmants:
iTR-~4E3 k-for~d; 16br at.l~” F.
NR-7kE+ 23M0 F water-qumdmd.

16hr at 14C@ F.KR-7@Q.A 2300°F vatawquemhed;

%7-mC and Em’y data.

%ACA data.

%tlmted.

‘Contmtlcm Umn releEEe of lmd.
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DL9C Spxilllm

(a) number

-1-
NR-741+F 9A

9D
9
2Z
9F

7:N’-74
llC

TABLE VTI

DATA ON SEUH3AN0 TIMR113RTOTAL DETWMATI ON AT lm” F FUR S-59 ALLOY DEWS NR-’@!

stress

(Psi)

20,CHJ0

16,0cH3
11,ooo
10,000
6,c03

20,033
18,wY2
16,0ca
15,m
12,0x
lo,oa2
8,OCC

[ 1NDRC and E!my data

DIP*id I
TILE (hr) for total defomatlono Of-

L3fomrmticm

(Prcent ) o.~ ~rcent 0.2 ~rcent

.—___ --- -----
-- —--

--- 2
0.69 1 5----- 4 2-2

----- --- -----
----- -----
----- -.— 6
----- 5
.on 3 25
.C@
.036 4$

J&

).5Wrcent 1 pOrcent

I

1.7 6
4.5 13.5
I-1 28
35 &
132 35=

%at treatr!mnts :

NR-’74B-F AS-forgei;16 hr at 1400°F.
m–TM+Q4 2303°F =ter-q~~~d; 16 ~ at 14m0 F.

%&hated.

I . ●

10 24
20
w lE
9

1270
&&

1800 -------
-------- -------

1

16

2:
145
700

42
119
306
947
---
---
---

I Transition to ‘

28 15.5 1.95
54 24 1-%
lm M 1.4’2
250 0.92
--- 2: 1.17

69 14 .&l
22C .62

;& ;: ;$

.-. 17CQ .*
--- ------ ----
--- ------ ----

,



!cABLEV-JJI

TIbm-Dm3mATIo-Nm Cmm ScREmm3AT

FOR ~90 ALLOY DEWS liPr74B

[j?ACAaat,i]

DiEo ‘row

(a) aefonna.-kkm
(@rocmt)

I

NR-74B-F
lm-741+Q
lm-741w#l

NR-74E-W
IW-74E-Q
NR-741-Q!

o ●2
.2
.2

NR-74W
KFP74E-Q
NR=74E+A

m+741w
N&74B-Q
MR-74B-JW

1.0
1.0
1.0

!rranaiticm
mansitrknl

!bnsit ion

1200°F

.

I
Stress (pBi) b oause total Creep strength

bfomlation b - (ba8ed on oree~w:m at 1~ hr)

1 br j10 hr ]100 hr j10CXIhr12(XY3hr 10.COO1O ~ment/hrl 0.00201 peroent/lml

*,ocm 33,030 28,XKI 22,cao ~20,500 27,500 ------
------- -.---- &------ w------ -------
%.0,00033,000

-.---- ------
26,000 %f3J00 ------- 23,000 ----.-

------ 44,mo 38,(XJO32,M)0b30,c00 ------ -.----
-------4~,po 34,200 31,-J&3----L-- ------ ------
47,cKm40,yxl 33,8ca 27,000%5,000 ------ ---.--

------- ~,cx)o 42,000 34,300 32,~ ------ --.---
------- 47,000 40,5=!3034,(NOby,mo ------ ------
—----- 46,w 39,500 33,cm ~31,mo ------ ------

------- ------ 47,CQ0 39,000 36,000 ------ ------
%$00: :;;:: 36000

-----.- ------ ------ ------ ------
A------ ------ ? ? ------ ------

aHeat ~atmen’te: =%=
NR-74B-3Hm@J 16 hr at 1400° F.
RR-742-Q‘Z!3fX0F wate~uenohed.
m+74aAaA2301YJF wata&qumchedj 16 br at lkxl” F.

bl%tlmatecl.9tren@hby e3tra@.ation.



!cABLE13

TIME-mmwITm Arm CRiEP S!rRmI?GTHsAT

l’oRS-590ALLOYDISCSNR-74B
I

I
@AcA,~, andNavy tiati]

1350°F

1
DiBc Total “Stress (psi) to oause tatal Creep strangtb

(a) aefOmlation d.efcmnatlonin - (based on &.yum rates)
(percent)

lhr 10 br 100h 1000III?‘am hr 0.00010percentjhr O.CWO1 p9rcent/br

NR-74B-F o ●1 20,rm0 12,&Kl ------ --.--- ------ 10,600 ------
-,! rm-741!+ .1 ----------.-------- ------ ---.-- ------ ------

NR-74B-@ .1 19,(x)o 13J300------ -.---- ------ 16,400 IS!,loo

NR-74B-F .2 ------ 18,&lo13,mo ~w ------ ------
,!

------
*74B+ .2 ------ b16,CQO------ -.---- ------ .---.- ------
NR-74B+ .2 26,koo 20,60014,700 8,700 %,ocil ------ ------

NR-74Ba! ●5 ------ 21,00017,0W 13,000 ILj500 ------ ------
rm-74E+ ------ 24,000 ------ ------ ------ .----- -------
*74B-Q4 “:; 30,000 25,70021,453 17,c00 15,7m ------ ------

IW74B4 1.0 ------ 25,5cQ20,5ao 15,5(XI 14,0m ------ ------
IW-74E-Q 1●o ------ 33,0iJ(3--.--- --.--- ------ ------ ------
NR-74B+ 1.0 ------ 27,70024,1(M 20,8c0 19,8cQ ------ ------

rw74E!-+ Transition ------ ------- 21+,w 14,yxl U,700 ------

mm m ition

------
------ ------- 31,000 14,0m ------ ------ ---.--

NR-74E-QTransltlon ------ ------- 29,CQ022,500 ------ ------ ------
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T~RMMITON ANDCREEPSTRIWTE! AT l~” F

~R S+90 ALLOY DIS09 K&74B

[mc andNavydab]

Stmess (psi) b cause total. Creep strength

IHso
Total aefolmation h - (based on mlnimnn

aefOnm.tion
ratms)

(a) (pz’oent)
(psi)

lhr 10 hr 100h 1000hr 2(WObr 0.00010 peroent~ o.Ciml peI’omit/br

~-74B4? 0.1 1O,O(X)%,800 ------------ ------ %,8cQ
mq4B4

----
.1 bls,~ ~,~o 9,400b7*300 ------ lo,ooa 7100

NR+4B+ .2 13,5m 7,830------------ ------ -----.-
%R-74B+

----
.2 -------14,(X)OU,(x)o$),200 8,60Q -.---- ----

Nl+74B+ ----.--~,po 6,500------ ------ ---.--
MR-74B+A

----
,:; -------lg,tio14,800U,&lo lo,ylo ------ ----

NR-74B+ 1●O -------17,3009,0b b4,cK)o .----- ------
liR-74B+ 1.0

----
-------------17,2ccl13,6C0 12,7wl — ----

NR-74B+ TmJISition ------- ------ 9,300b4,200 ------ ------
NR-74BJW!ballaithll

----
------- 20,40016,70012,E?ao ll,8cKl ------ ----

‘%eat treatmmta:

IU-I’kW waged; 16 k at lkOOO F.
NR-74B-QA23W0 F watemuenohed; 16 hr at lkO@ F.

%!stimated. whrength by ertrapola%ion.
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(a) mmber

TABmxI

CHEEP~T IWM AT 12CH)0,1350°,AND 15C0°F BORE+WI ALLOYDX2J2SER+kB

T
TeJst

‘W’ ‘R.;?7)

Il-ml 25,cmo
29,cK30

% 37030

12CQ 135,CO0

+

lml 25, mo
Moa 35,000

1373 20,@lo
1373 15,CO0
1350 1.2tm
1350 23,CX-Q
1350 20,m
139 15,m
1350 12,030

*

I-WI 8,m
lym 12,axl
15CQ10,IXIO
lpl 8,@Io

D3i%lm.tics
Creeprati(~ment~) at–

Uretion m ToW defcmmtion(ueroent)at -

(hr) applloation
of loati yo In’

I (~roent)I

i-

I_oog .103
10%! .1X

(e) ●W9
M72 ;@&
2059

2282
I

J&
2135 .049

+

,m26
.Wiml
f.Ooy
Ax@+

E
.0015
.Mm26
.Omll
.om7

%AoAaata. ,
*At 770 hr.

‘%TDWand naw data.

lcixlllrlp) hr 2000 b fy)o br

9.0W066.------- --------- 0.217
.MXX@5-------- - -------- .217
.Oocq -------- -------- - ,

O.m ------- -----.-- .9M
.0W25

$

------- .------- .Y35
.00C$37------- -------- .9%

*

0.257 -----
----- -----
. -----

~.~6 -----
.435 -----

1.370 -----

-r.7642 l;?
Ml

.W7 .969

.3’35 .420

.23 ,246

------ I -----

.457

.330

.I.&l

.536

.43J3

.140

i

21Xlobr

------
------
------

------

------
.-----

%?.wl
6

1.G29
JM
.253

------

A.@la
.6?0
.lp

%mketi&aaB B-mar 744h.
‘Minimum oreep rata, measured betwaen 75 end400 h-; 0.03255peroent/br.
&4t.187’2br.
hDi~o&ttim&qt 886h with2 .78+eroent Asfo=tim.
i

MIMIMIMcreeprate0.0015par&errt/hrbetveen250 and~ im.
DIEcmtinnedat 743h with1.~roent defommtim. Mhlmm oreepretabetmsn 1~ and 35KIhr; 0.CK1166mroent/hr.

Ikltafromthisteatuerenot Uaeafor thed.eei,glomwes.
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8,WQ 743lo5,m
.----------------
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-----------------
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0) 0 W,w
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25,aX 1 131,MXI
35,,WIJm% -------

L2,mo 21~ 1.32,m
LY,KKJm -------

70,750
------
------

61,cm
------

m,m
------

53,W3 -------
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* data.
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Universi@ofMichigan
testsection

74F-13X

-----~ ‘n~-------
. 74F-lX”

74F-5A

74F-6A

74F-7A

Battelletest
section

74F-8A I / smallcoupons

==El/ Sixbarsdeep
A throughF

74F-10A
I#

74F-11’ Largecoupons
l-4, 12-18are
threebarsdeep“
X throughZ

1/2scale

>iscdimensions: 18-inchdiameter,3; inchesthick

Figure1.- Locationof testcouponsin forgedandagedS-590alloydisc
NR-74B-F. coupons: as-forged; 16hoursat1400°F.
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74QA- 13X

I
WA m NO. 1760

“,

.

Universi&of Michigan

I
testsection

{
+— 8-3/4” ~-–----–

74QA-lx Battelletest
74QA- 6A section “

74QA- 7A “
74QA“ 8A

-!

74QA- HA
Y

/

Largecoupons
74QA-12 l-5.13 -21 are

/

three’barsdeep
X throughZ

/
Drawing- 1/2scale

Discdimensions:18-inchdiameter,3 inches

Figure2.- Locationof testcouponsinheat-treatedS-500alloydisc NR-74BQ.
Coupons7KY 23000F, waterquenched. Coupons74QA: 2300°F, water-

.

.

.

quenched;16hoursat14000F.
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; 40,0m
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20,0001

l?2cnl 1900 1400 15C0
Temperahlre,OF

$ 60,000
KX)-hrdeformationstren@hs
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\,- 0 1 I I 4
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s’ ! -@LLJ——l “
‘1340’O”m
?20’”

o~m
1200

Temperature,%

d I looo-hrdeforlndimllmrewtb I

Texmerfitum,oF

Figure3.- Summaryof propertiesof S-590alloydisc NR-74B-F. Disc
treatment as-forged;16hoursat 1400°F.
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Temperature,“F
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1.2m 1500

Temperature,‘F

5/ I 10CQ+rdeformaUonstr-
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Temperature,“F

\ D@= Treatment =3s=
● ● + A ~_74BQ 230@F wterqUeIIChed
000 A x NR-74B+A 23CO”F water~ue-; 16hrat1400”F

F@ure 4.- Summaryof propertiesof S-5Walloydi~csNR-74B-Q
andNR-74B-G@.
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X Surface next to Y- or center plane

I
Figure 5,- Variation In hs.rdness from center to rim of S-590 alloy discs NR-74B,
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80,000
70,W0
60,000
50,000
40,0U0

30,000

20,W0

10,
‘8

II I I 1 I I I 1II I
2 4.n 68, m 2.

.lU .“”

4 6 81000 2 4

80,000
70,000
60,000
50,000
40,000

30,000

20,000

10,000
.“ .“”

Timefor ruptare,hr T
Specimenlmation

CRR Center-planeradialspecimennearrim
SRR Surface-planerad.lalspecimennearMm
mc Cent8r-planeradialmm n= Cenwr
STR Surface-planetangentialspecimenmm rim

Figure6;- Curvesof stress againstrupturetimeat 1200°,1350”,and1500°F
for S-590alloydiscs NR-74B.
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0 beep tet3tdata
IOngation

● Rupture @t data

50,fxlo —

Ill

40,CC-O

10,CWII I I I I 11111 I I
2

I
4 6 810

I
2 EK!KJ

1 4 6 81@ 2 4 08
lJMI 2

46
10,000

The, hr

Figure 7.- Clu’’ves of stress against time for total deformation at 12C@ F for S-590 alloy disc NR-74B-F.
Heat treatment: as-forged; 16 hours at 140@ F.
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Figure 8,- Curves of stress against time for Wal deformation at 12@ F for S-590 alloy disc NR-74BQ.
Heat beatmenti 23@ F waterquenchad, E
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Figure 9.- Curves of stress againet time for total deformation at 120@ F for S-590 alloy diet NR-74B~.
Heat treatmen~ 230@ F water quenc~d; 16 ~~ at 14000 F.
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E
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Time, O,oou

Figure10. - CWeS of stress against time forW& deformationat13500 F for S-590 alloy d-kc NR-74B-F,
Heat treatment: as-forged: 16 hours at 14@ F.
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I Figure 11. - Curves of stressagainstthe fortotaldeformationat 1360° F for S-590 alloy disc ~-74BQ.
Heat treatment 23000 F water -quencM.
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Figure 12.- Curves of stress agafnst time for total deformation at 1S500 F for S-690 alloy tic NR-74BQA.
Heat treatment: 230&’ F waterquenched; 16 bum at 140@ F.
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Figure 19. - Curves of stress against time for total deformation at 160@ F for S-590 sUoy disc NR-74B-F.
Heat treatment as-forged; 16 Imurs at 14@ F.
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Figure14.- @rves of stress against time for total deformation at 150@ F for S-690 alloy disc NR-74BQA.
Heat tieatmenk 230CP F waterquenched; 16 hours at 14000 F.
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Figure 15. - Curves of stress agdnst creep rate at 120@, 19500, d 1500° F for S-590 alloy discs NR-74B.
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100X

TtACATN’NO.1760

looox
(a) Radialsectionnearrim of disch centerplane.

100X - 100ox
(b) Radialsectionnearcenterof disc in centerplane.

Figure16.- -Ori@nalmicrostictieofS-590alloydiscNR-74B-F.
Electrolyticchromicacidetch.Disctreatment:as-forged;16hours
at140@F.
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iwx 100ox
(a) Specimen13X;1002 hoursat1200°F under35,000psi.

.

100X 100ox
(b) Specimen2X; 1872hoursat1350°F under15,000psi.

T-
Figure17.- MicrostructureofspecimensfromS-590alloydiscNR-74B-F

aftercreeptests.Electrolyticchromicacidetch Disctreatmenhas-
forged;16hoursat14000F.
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Fracture- 100x
(a) Specimen12Y;2310hoursfo]

Fracture-100x

titerior - 100M
rupture at 1200°F under37,000psi.

~terior-1000X
(b) Specimen12Y;1291hoursfor ruptureat1350°F under1?,000psi.

. =5=Figure18.- Microstructureof specimensfromS-590alloydisc NR-74B-F
afterstress-rupturetests. Electrolyticchromicacidetch. Disctreatment
as-forged;16hoursat 140@F.
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a

WA ~~0. 1760

,

.

Fracture- 100X

51

Interior- 1000X
(c) Specimen9F; 1018hoursfor ruptureat 15000F under6000psi.

-=5=’”
Figure18.- Concluded.
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NACATNNO. 1760 53

100X 100ox
(a) DiscNR-74BQ;radialsectionnearrim of disc incenterplae.

Electrolyticchromicacidetch. Disctreatment: 2X10°F water-
quenched.

100X 100ox
DiscNR-74B-QA;radialsectionnearrim of disc in centerplane.
Electrolyticsodiumcyanideetch. Disctreatmenh2300°F water-
quenched;16hoursat1400°F.

Figure19.- OriginalmicrostructureofS-590alloydiscs NR-74BQand
NR-74B-QA.
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Fracture- 100X
(a) Specimen18Y;937hoursfol

Interior- 1000k .
ruptureat1200°F under40,000~si.

.,

,

IRmcture- 100X
(b) Specimen14Y;951hoursfo:

Interior- 1000X
ruptureat1350°F under25,000psi.

Figure20.- Microstructureof specimensfromS-590alloydiscNR-74BQ
afterstress-rupturetests. Electrolyticsodiumcyanideetch. Disc
treatment 23000F water-quenched.
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.

100X
(a)Specimen13Z;1002hours

100ox
at 12000”F under35,000psi.

(b)

Figure21.-

10CIX 100ox
SpecimenlX; 2282hoursat1350°F under15,000psi.

=s=Microstructureofspecimens&om S-590alloydisc~-74B@
aftercreeptests. Electrolyticchromicacidetch. Disc treatmenk2300°F
waterquenched;16hoursat 140@F.
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NACA‘ITJNo. 1760 59

100X
(c) Spectien4X; 2136hoursat15000F under

.“ . T. Figure21.- Concluded.

100ox
12,000psi.
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I?AeATNNo.1760

Fracture- lOOX
(a) Specimen13X;1596hoursfo:

Fracture- lOOX

~terior - 1000X
ruptureat1200°F under40,000psi.

~f=im-1000X
(b) Specimen13Y;1121hoursfor ruptureat1350°F under25,000psi.+

=&=Figure22.- MicrostructureofspecimensfromS-590alloydiscNR-74BQA
afterstress-rupturetests.Electrolyticchromicacidetc& Disctreatment
2300°F waterquenched;16hoursat14000F.
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NM3ATNNo. 1760

,

63

.

Fracture- 100x Interior- 1000X
(c) SpecimenllD; 1000hoursfor ruptureat 1500°F under15,000psi.

T
Figure22.- Concluded.
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DL9C Spxilnm
(a) mmber

-1-
NR-741+F 9A

9D
9
2Z
9F

7:N’-74
llC

TABLE VTI

DATA ON SEUH3AN0 TIMR113RTOTAL DETWMATI ON AT lm” F FUR S-59 ALLOY DEWS NR-’@

stress
(Psi)

20,CHJ0

16,0c0
11,ooo
10,000
6,c03

20,m3
18,rxxI
16,0ca
15,m
12,0x
lo,oa2
8,OCC

[ 1NDRCandrt!mydata

DIP* id I
TILE (hr) for total defomatlono Of-

L3fomraticm
(Frcent ) o.~ ~rcent 0.2 ~rcent

.—___ --- -----
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--- 2
0.69 1 5
----- 4 2-2

----- --- -----
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----- 5

. on 3 25

.c@

.036 4$
J&

).5mrcent 1 pOrcent

I

1.7 6
4.5 13.5

I-1 28
35 &

132 35=

%at t reatnmnt s :

NR-’74B-F AS-forgei;16 hr at 1400°F.
KR-TM+QA 2303°F =ter-q~~~d; 16 ~ at 14m0 F.

%&hated.
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10 24
20
w lE
9

1270
&&

1%0 -------
-------- -------

1

16

2:
145
700

42
119
306
947
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I Transition to 1

28 15.5 1.95
54 24 1-%
lm M 1.4’2
250 0.92
--- 2: 1.17

69 14 .&l
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